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2. 周环反应过渡态芳香性离子E73-(E=P, As, Sb) 
利用多种方法证明E73-(E=P, As, Sb; C2v)离子中键迁移反应过渡态中类平面的
两个E-E分子片之间存在跨空间 4c-6e共轭作用。两个E-E分子片之间被两个饱和
基团间隔开来，电子离域（6πe）凭借空间共轭作用来实现，这与瞬烯（bullvalene）










































 Aromatic through-space conjugation has been widely recognized and exploited in 
organic compounds and ions, while it hasn’t been applied to explain the bonding of 
inorganic compounds and ions. In the thesis, we have shown, by means of quantum 
chemistry, that a series of inorganic compounds and ions, whose structures have been 
long-known and characterized, are aromatic due to through-space conjugations: 
1. Neutral bishomoaromaticity in (NSN)2(PRR’)2
The (NSN)2(PRR’)2 compounds feature in having two N-S-N units separated by 
>PRR’ group and an unusual S···S distance longer than a normal S-S bond, but shorter 
than the sum of Van de Waals radii of two S atoms. The interaction between the two 
N-S-N units is ascribed to through-space 6c10e conjugation with each unit 
contributing 5πe. Such a through-space conjugation is proven to be homoaromatic by 
means of quantum chemical calculations. (NSN)2(PRR’)2 compounds are the first 
series of neutral bishomoaromatic compounds so far disclosed.  
2. Pericyclic Transition-state (PTS-like) aromaticity in E73-(E=P, As, Sb) 
 E73-(E=P, As, Sb) ions undergo fast bond-shift isomerization in solution. Our 
theoretical calculations revealed that the transition states of such bond-shift 
isomerization are bishomoaromatic due to 4c6e through-space conjugation, quite 
similar to the aromaticity of transition states of pericyclic reactions in organic 
chemistry. 
3. Spherically homoaromatic inorganic molecule: (O2)4 
In teams of molecular orbital and VB analysis, the unusual intramolecular bonding 
pattern within the recently disclosed (O2)4 structure of solid oxygen under high 
pressure is ascribed to 8c-8e through-space conjugation between four O2 units. Such a 
8c-8e through-space conjugation is 3-dimensional (3D) and conforms to the 2(N+1)2 
rule of spherical homoaromaticity. The spherical homoaromaticity of (O2)4 is further 
manifested by quantum chemical calculations.   















conjugations that were-established in organic chemistry to a lot of inorganic systems 
that have through-space π*-π* bonding(s) between two weakly interacted radical 
subunits. Consequently, this study not only extends the aromatic through-space 
conjugation into inorganic field but also expands the concept of aromatic 
through-space conjugation itself. 
 
Keywords; aromatic; delocalization; bishomoaromatic; PTS-like aromatic; 
spherically homoaromatic; through-space conjugation; NICS (Nucleus-Independent 














第一章 前 言 
第一章  前言 
自 20 世纪 30 年代 Hückel 提出芳香性的概念以来，芳香性就一直是有机化
学领域研究的热点和难点。什么样的化合物具有芳香性? 判断一个化合物是否具
有芳香性的标准又是什么? 这都是化学家们非常关心的问题。 
1.1 芳香性的概念  
1825 年Faraday从鲸油裂解产生的气体冷凝液中发现苯[ a]1 ，由此产生了具有
芳香性的化合物，其区别于一般脂类化合物的主要特征——具有类似芳香性气
味。1845 年，Hoffman从煤焦油中也提取出了苯[ b]1 ，并发现它非常稳定。1865 年，
德国化学家Kekulé从苯的分子式C6H6出发，根据苯的一元取代物只有一种，推断
出苯的环状结构，即如今广为人知的凯库勒式，同时发现苯环中C-C键长平均化，
并且介于单、双键键长之间[ ]2 。1866 年，Erlenmeyer发现这类物质具有易发生取

























第一章 前 言 
1.2.1 几何结构判据  
芳香性的结构判据是一种常用而且简便的方法。一方面，分子的结构信息可
以通过现有的实验手段轻松获得，例如在Cambridge结构数据库中，已经储存了











1.2.2.1 价键理论的共振能（RE - Resonance Energy） 
 在使用价键理论来解释芳香性体系的电子离域特性时，人们 早提出的能量
判据是共振能或离域能，表示为离域结构和定域结构的能量差（即RE or Edelcalized 
= E(DS)-E(LS)），RE值为负，则表示电子离域效应有利于系统稳定，共振能越负，
则体系的芳香性越高。例如，利用Figure 1.1 中的离域结构和定域结构，用半经
验MO方法计算得到苯的共振能约为−21 kcal/mol，说明苯具有较好的芳香性[ ]7 。 
 由于芳香性体系的定域结构本身并非真实存在，利用从头算分子轨道理论难
以直接计算其定域结构的能量，实际计算中往往通过选择具有相应定域键的参考


















第一章 前 言 
 
     
Figure 1.1 The structures of delocalized benzene and localized benzene.  
 
 
Figure 1.2 Ab initio MO predictions of the benzene’s RE. 
 
 
Figure 1.3 The ASE is show in the benzene’s form process. 
 





















第一章 前 言 
结构变化对ASE能量的影响而更为合理。 




的校正，可以得到相同的ISE值(Figure 1.5)[ ]10 。 
 
 
Figure 1.4 The definition of ISE. 
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